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ABSTRACT 
The temperature ( 4.5-700 K) and magnetic field (0-50 kOe) dependencies of the de 
magnetization, and ac magnetic susceptibility in 5 Oe, 125 Hz ac field of polycrystalline 
Tb(Mn1_xFex)2 alloys with x = 0.35, 0.5 , and 0.65 have been measured. The substitution of Fe 
for Mn introduces a negative chemical pressure in the cubic C-15 crystal structure, 
decreasing the lattice parameters and the distance between Mn atoms below the critical value 
of 2.66 A. 
At 5 K, all studied Tb(Mn1_xFex)2 alloys exhibit ferrimagnetism which is created by the 
anti parallel alignment of the magnetic moments of Tb and Fe atoms. The Curie temperature, 
remanence and coercivity increase with x increasing. For all alloys a change of the slope of 
the plot of the inverse de magnetic susceptibility vs . temperature was observed, and the 
corresponding temperature increases with increasing x, i.e. with decreasing lattice 
parameters. The temperature dependence of the ac magnetic susceptibility of all of the 
Tb(Mn 1_xFex)2 alloys exhibits a peak at Curie temperature which is typically observed for 
ferromagnetic materials with non-zero coercivity and remanence. 
For polycrystal samples, the diagonal optical conductivity ( cr 1xx) has been measured 
using ellipsometry at zero magnetic field. The magneto-optical Kerr rotation angle and 
ellipticity have been measured by Kerr spectrometry at room temperature and a magnetic 
field of 5 kOe. The results for Tb(Mn1-xFex)2 show the similar features as observed in TbFe2. 
The magneto-optical measurements verified the conclusion that spin-orbit interaction and 
exchange splitting of the electronic structure are the dominant factors which determine the 
magneto-optical properties of the R-TM system. 
1 
1. INTRODUCTION 
1.1 Rationale 
J. Kerr [ 1] first observed in 1877 that when linearly polarized light is reflected from a 
magnetic solid, its polarization plane becomes rotated through a small angle with respect to 
that of the incident light. This discovery has become known as the magneto-optical (MO) Kerr 
effect. 
The Kerr effect is closely related to other anomalous spectroscopic effects, like the 
Faraday effect and circular dichroism. In the former effect, the plane of polarization of linearly 
polarized light rotates when propagated in a magnetic field. All these effects are due to a 
different interaction of left - and right-hand circularly polarized light with a magnetic solid. 
The Kerr effect has now been known for more than a century, but it was only in recent times 
that it became the subject of intensive investigations. Motivations for these studies come from 
the recognition that MO effects could successfully be utilized in applications dealing with 
information storage [2] and the fact that the Kerr effect has rapidly developed into an 
appealing spectroscopic tool in materials research. The technological research on the Kerr 
effect was initially driven by the search for good MO materials that could be used as 
information storage media. Sequentially, the Kerr spectra of many ferromagnetic materials 
were investigated over the years. The quantum mechanical understanding of the Kerr effect 
began as early as 1932 when Hulme [3] proposed the Kerr effect could be attributed to spin-
orbit coupling, i.e., an indirect interaction of the electromagnetic radiation with the magnetic 
structure of the sample over the spin-orbit coupling. Besides the spin-orbit coupling, several 
other features play an important role for the MO signal, as for example, the spin polarization, 
magnetic coupling, selection rules, joint density of states, electrical dipole matrix elements, 
radial overlap of the wave functions , hybridization effects, optical bandwidth etc. The 
concurrency of all these factors limits the size of MO effects even in strongly spin-polarized 
materials. In fact , Fe, Co and Ni have a strong ferromagnetic coupling of 3d electrons, 
yielding high Curie temperatures, but the MO Kerr rotation is as small as few tenths of a 
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degree[ 4]. Instead, large Kerr rotations were detected in rare-earth compounds. In these 
materials, the localized 4f state yields 4f-3d transitions with strong MO signals. 
Unfortunately, the magnetic ordering temperature of 4f electron systems is generally low, and 
the magnetic coupling is often antiferromagnetic. Thus, an idea was put forth that a system 
containing rare-earth metals (R) and transition-metals (TM) might be a promising candidate 
for MO materials. It was supported by Buschow who indicated in a review article [5] that the 
rare-earth-transition metal (R-TM) systems are the most common materials used for 
commercial MO disks, among which TbFeCo based films are used in the majority of 
commercial MO disks with high out-of-plane anisotropy C and Kerr angle 0K. The 
compensate temperature Tc can be adjusted for desired thermomagnetic switching 
characteristics by changing the R/TM ratio . The magnetocrystalline anisotropy constant Kµ 
arises essentially from the R single-ion anisotropy which is largest for Tb and Dy due to their 
strong spin-orbit coupling. The high Kµ and low Ms (saturation magnetization) of R-TM 
materials bring about excellent squareness of the hysteresis loops and good switching 
characteristics. Principally, all these parameters can be explained, based on the TM-TM and 
R-TM interactions. Considerable efforts have been made to study on the Laves-phase RFe2 
compounds in the past decades. These intennetallic compounds provide an opportunity by 
which localized magnetism (R subsystem) as well as band magnetism (Fe subsystem) could be 
studied within the same series. The cubic Laves phase structure with a single crystallographic 
site for each chemical species, R and Fe, makes these compounds especially suited for an 
extensive analysis of the basic magnetic interactions between R and Fe atoms. In our research, 
the Tb(Mn1-xFexh pseudobinary system was selected, because TbFe2 offers a complete scheme 
for Tb-Fe and Fe-Fe interactions within the relatively simple C 15 cubic crystal structure. 
Meanwhile the complexity of magnetic behavior of Mn atoms in R-TM systems has been 
studied extensively for decades [6,7,8]. Mn atoms can be substituted for Fe without changing 
the crystal structure in the alloy Tb(MnxFe1-x)2 system, and it can be an effective way to 
explore the properties of the transition metals in the R-TM systems. The main goal will be to 
study the magnetic and magneto-optical properties in Tb(Mn1_xFex)2 system, and how they are 
affected by Mn substitution for Fe. 
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1.2 Magnetic Interactions in R-TM Compounds 
The interactions in R-TM intermetallics are not well understood due to the different 
nature of the various types of moments and the interactions between them. In the R-TM 
compounds, the magnetic interactions consist of three different types: the R-R interaction, the 
R-TM interaction and the TM-TM interaction. 
The R-R interaction is the weakest of the three types, it is similar to the indirect 
interaction between the localized 4f moments in compounds with non-magnetic elements, 
which proceeds via 5d electrons due to the small spatial extent of 4f electrons. The exchange 
interaction is mainly of the RKKY type, a model provided by Ruderman and Kittel (1954), 
Kasuya (1956) and Yosida(1957), which possesses two major simplifying assumptions: one is 
the Fermi surface is spherical (i.e. the conduction electrons are free), the other is that the 
scattering of the electrons does not depend on k and k' (wave vectors of the conduction 
electrons before and after scattering by a magnetic 4f ion). The theory offers the following 
expression for a FM (ferromagnetic) ordering temperature [9]: 
3'!rn2 2 ? ~ 
Tc = 0 p = --G (g -It J(J + 1) L.J F(2kpR0;) 
kEF ;.,o 
where n is electron density, EF is the Fermi energy, G is the exchange integral of the s-f 
interaction, g is the Lande g-factor, J is the total angular quantum number, Fis a function 
(sinx-xcosx)lx4 (in which x has no specific physical meaning), kr is a wave vector of the 
conduction s-electrons at the Fermi level, Roi is the distance from the central ion O to the 
interacting neighbor i. 
For antiferromagnetic materials there exists some other spin arrangements[ 10], here qo 
is the wave vector of a spin spiral structure whose wavelength is 2rrlq0 and 
For the case of (qoRo,)=n the spins on the neighboring atoms are antiparallel and the 
compound is an antiferromagnet. 
The more spatially extensive 3d wave functions give rise to overlap and the 3d electrons 
are discussed in terms of electron bands rather than 3d states. In Ni and Co compounds, 3d 
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electrons are treated usually as itinerant, whereas a more localized treatment would be 
required for intermetallics involving Mn and Fe. Therefore discussions of R-TM interactions 
are rather phenomenological. Several theoretical models are available for description of R-TM 
interactions. 
1.) Neel molecular field model 
The model[l 1] involves a localized arrangement of magnetic moments on one or a 
number of sublattices. The total magnetization for two sublattices is given by Mi = MA-MB 
where Mi =Mi(O)B1i(x), i=A or B. The molecular fields on each sublattice are HA=MAnAA 
+MBnAB, HB= MAnAB +MBnBB• The three terms nAB, nAA and nBB, are the molecular-field 
coefficients between and within the two sublattices A and B, respectively, and B1i is the 
Brillouin function. From the temperature variation of the magnetization or susceptibility one 
can calculate the molecular-field coefficients. However, the physical nature of the variables is 
still not clear yet. 
In general, the R-moments couple ferromagnetically with TM-moments for light 
lanthanides, whereas antiferromagnetic coupling prevails for heavy lanthanides. 
2.) Crystal fields 
The R-TM compounds are also described by anisotropic interactions besides the 
isotropic interactions. The magnetocrystalline anisotropy mainly results from the interactions 
between 4f electrons and the crystal field. The formula can be expressed as : 
Where HRe.tf= Ha + LnijMj, Ha= applied field, nii= molecular-field coefficients, Mi 
=magnetization of the j-sublattice. The crystal field energy is expressed by 
VcF = I,qy; = L,qiq/(Rj -rJ 
i,t j 
where Qi= charge of the R ion under consideration in position ri, upon which the potential V; is 
acting, and ~= charge of ions in position Ri which are responsible for the potential V; at ri. 
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The crystal fields and interionic exchange energy are usually much smaller than the L-S 
coupling energy due to the good screening effect from the outmost electron shells and small 
spatial extension of the 4f shell. Nevertheless, in RFe2 or RAh, for example, the effect of 
crystal fields acting on 4f electrons contributes the largest factor to the magnetocrystalline 
anisotropy of these compounds. Based on a point charge model, the crystal field potentials can 
be calculated and the crystal-field energy also depends on the charges on the TM sites, whose 
valency may not be exactly determined in the intermetallics. 
3.) Rigid band model for pseudobinary systems 
Substitution of one TM element by another TM atom without structure change is a 
powerful method to investigate the magnetic properties of pseudobinary systems. The Neel 
molecular field model was successful for obtaining insight into the order of the various 
interactions in the R-TM compounds. The localization of the lanthanide moments is well 
confirmed. However, the completely localized model applied in the original Neel model can 
not explain the magnetic properties in detail, since Mn and Fe moments exhibit both localized 
and itinerant behavior. 
The simplest band model for 3d transition metals is the rigid band model, this model 
assumes a fixed density of states curve which can be obtained from experimental data such as 
paramagnetic moments and the heat capacity. The main assumption is that EF shifts without 
the DOS (density of states) changing shape when the electrons are added or removed. By 
assuming a special form for the density of the states curve and a special splitting of two spin 
sub-bands of ferromagnetic alloys, the moment variation for a number of alloys could 
successfully be explained phenomenologically. In addition a minimum in the density of states 
is required at which the Fermi level of the less full sub-band is trapped. Due to this feature, on 
adding electrons to the band system, the electrons enter the majority sub-band thus raising the 
moment at the rate of IµB per electron. When the majority sub-band is full, the minority spin 
sub-band starts to fill, lowering the moment at the rate of 1 µB per electron added. 
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4.) Stoner-Wohlfarth model 
Bands in ferromagnetism can occur when the exchange has a tendency to split the two 
sub-bands of opposing spin but only when splitting is energetically favorable. This means that 
the inevitable rise in kinetic energy due to splitting is at least balanced by the corresponding 
drop of the exchange energy. This spontaneous splitting is energetically favorable only if the 
exchange energy and the magnitude of the density of states at the Fermi level are large 
enough. The critical values depend on each other, and this can be expressed by the Stoner 
criterion for spontaneous ferromagnetism: IN(EF)?.1, where / is the effective Coulomb 
exchange interaction energy and N(EF) is the density of states at the Fermi level. By changing 
the alloy concentration in a binary or pseudobinary solid solution of transition metals, the 
value of this product can be varied[l2]. The critical concentration Xp at which ferromagnetism 
appears is found for JN(EF)=l. 
5.) Localized and itinerant model 
The application of a pure itinerant model (Such as Stoner-Wohlfarth) is limited in R-TM 
compounds. Various attempts were made to combine an itinerant and a localized model that 
resulted in the complicated Hamiltonian describing both itinerant electrons and localized 
moments. One approach (Friedel et al.[13], Lederer and Blandin [14],) considers the 
energetics of creating a localized moment around an individual atom using the Stoner criterion 
IN(EF) ?.l and also considers the interaction between such moments. This interaction is 
oscillatory and can give rise to both anti.ferromagnetic and ferromagnetic coupling. Such a 
model may be applicable to account for the helical structures and the lowering of the ordering 
temperature with increasing Fe concentration in R-Fe systems. 
1.3 Magneto-optics 
1.3.1 Experimental Aspects 
The magneto-optics can be studied either in transmission (Faraday effect) or in 
reflection (Kerr effect). For metallic systems magneto-optical studies made by the means of 
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the Kerr effect posses a number of advantages comparing with studies by means of the 
Faraday effect. The latter effect can be studied only on sufficiently thin films, whereas all the 
alloys and intermetallic compounds can be investigated by the Kerr effect in bulk form. Even 
for thin metallic films reflection measurements are preferred to transmission measurements, 
since in the former case no correction is required for the occurrence of multiple reflections 
due to Faraday rotation in the substrate and for discontinuous polarization changes at the 
various interfaces. 
The Kerr effect can be divided into three different configurations: polar, longitudinal 
and equatorial effects. These configurations are presented in Fig. I. In the polar Kerr effect, 
the direction of the magnetization is perpendicular to the reflection surface, it can be shown 
(see the theory section) that the polar effect is proportional to Er.312 for large values of the 
dielectric constant (Er), while the longitudinal and equatorial Kerr effects are proportional to 
Er.2 under the same conditions. The polar Kerr effect configuration is preferred if large 
rotation values are wanted. The polar Kerr effect configuration is also utilized in many 
magneto-optical recording devices. The latter case applies to the materials having a uniaxial 
magnetic anisotropy which tends to align the magnetization perpendicular to the reflecting 
plane. 
Fig. I Schematic plots of three different types of Kerr effect configurations: (a) Polar 
Kerr effect, (b) Longitudinal Kerr effect, ( c) Equatorial Kerr effect 
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1. 3. 2 Macroscopic theory 
Plane-polarized light reflected from a metal surface with a non-zero magnetization 
would become elliptically polarized, with its major axis slightly rotated with respect to the 
original direction. Components of the rotation and ellipticity that are linear in the 
magnetization (M) are usually indicated as magneto-optical Kerr effects. These effects can be 
described in terms of a dielectric tensor. In materials for which the net magnetization M is 
aligned parallel to an axis of three-fold or higher-symmetry the dielectric tensor can be written 
as follows: 
[ 
£ xx 
E = -~xy (1) 
Here the magnetization direction is parallel to the z direction. Erskine and Stern et al. [ 15] 
showed that in ferromagnets the off-diagonal terms are linear functions of the magnetization 
(to second order of M) and represent the magneto-optical Kerr effect contribution to £. The 
diagonal components have less strong dependence on the magnetization. The various elements 
Eu consist of real and imaginary parts, which can be represented by the relations: 
(2) 
In our description, the time dependence of the travelling light is represented by exp(-irot). The 
dielectric tensor £ can be expressed by means of two complex constants Er and 8: 
(3) 
Diagonalization of the tensor given by eq. (3) can be transformed into circular coordinates. If 
a plane-polarized light beam travels in the z-direction which is parallel to the magnetization 
direction M, it can be resolved into two circularly polarized beams with the spinning direction 
of the corresponding electric field parallel and antiparallel to M, The corresponding dielectric 
constants are represented by£+ and£-, respectively. In the case of the polar Kerr effect, where 
both M and optical wave vector are perpendicular to the reflecting surface, the well-known 
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expression for the Fresnel coefficient can be used to obtain the relation between the Kerr 
effect and the dielectric properties. Substituting £±= -(Er±8) into the expression leads to 
where 
l+tan£x e_2;'PK = (l+n+)(l+n-) 
1-tan£K (1-rt)(l-n-) 
(4) 
(5) 
The sign of the Kerr ellipticity £x is defined as positive if the electric field of the reflected 
beam rotates in the same direction as the electric current associated with the magnetization M. 
The sign of the Kerr rotation (f)K is defined as positive if the sense of the rotation experienced 
by the major polarization axis after reflection is parallel to M. 
The relation connecting the value of 8 with the experimental values of the complex 
dielectric constants Er and the experimental values of <pK and £x can be induced by solving eq. 
(4) to first order in 8. Assuming that 8, £K and <pK are quite small, Erskine and Stem et al. 
obtained: 
. i8 
<pK + l£K = -~11~2 ---
£K (1-£,) 
(6) 
Most of the theoretical models dealing with magneto-optical spectra pertain to the tensor 
element 8. Furthermore, it is essential to obtain Kerr ellipticity £K, Kerr rotation <pK and the 
complex dielectric constants £,. for the correct interpretation of the magneto-optical 
phenomenon. 
1. 3. 3 Microscopic theory 
Magneto-optical effects in ferromagnetic materials can be divided into two categories: 
namely, intraband effects and interband effects. Now it is usually accepted that intraband 
effects dominate in the low-energy part of the magneto-optical spectra, while interband effects 
become important in the high-energy part. [ 15] 
1.) Intraband effects 
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In dealing with intraband effects it is necessary to consider normal electron scattering 
associated with intraband polarization currents normal to the magnetic vector Mand the wave 
vector of the traveling electron, as well as asymmetric scattering or skew scattering of the 
electrons. Both processes result from spin-orbit interaction and are characterized by a normal 
scattering frequency and a skew scattering frequency. Assuming that the normal collision 
frequency is not far from the frequency of infrared light, Erskine and Stern [15] considered 
asymmetric scattering (lifetime Ys) and normal electron scattering (lifetime 'C). In the high-
frequency limit, where (J)'t >> 1 and OJ'{s >> 1, they find that the latter process dominates and 
brings about the following frequency dependence for the real crx/ l and the imaginary part 
crx/2) of the off-diagonal conductivity tensor: 
a cii oc Re(8) oc _r,_ 
xy (cor)2 
(10) 
a C2 l oc -(iJ Im(8) oc _!]___ 
xy cor 
where Tl is a parameter this proportional to the strength of the spin-orbit coupling and the spin 
polarization of the conduction band. The effects of intraband transitions will act as frequency-
independent contributions (v = ro / 21t) , therefore, there is no contribution to the structure of 
the magneto-optical spectra. As to the extent of intraband effects contributing to the magneto-
optical spectra, d-type electrons are more important than s- and p-electrons due to a 
comparatively large exchange splitting of the ct-electron bands and a relatively large spin-orbit 
splitting. Since intraband effects are proportional to the spin-orbit coupling and the net spin 
polarization, the contribution of ct-electrons carries more weight than that of s- and p-
electrons. 
2. )Interband effects 
The interband transitions are governed by the following selection rules [ 15]: 
f:.l = ±1, 
f:.m1 = ±I, 
f:.s z =±l, 
(11) 
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corresponding to orbital momentum, z-component of the orbital momentum and electron spin 
respectively. Neglecting spin-flop transitions, the expression for the off-diagonal contributions 
consists of separate terms of each of the spin directions, 
a c2i = a c2) Ci) + a c21c J,) 
xy xy xy 
(12) 
Each of these terms can be expressed as a sum of optical transition matrix elements: 
where the operators 
are linear combinations of the kinetic momentum operators 
n = p + l¾nmc2 ~ x V(r) 
(13) 
(14) 
(15) 
The canonical momentum operator is indicated by p , and crxV(r) is the spin-orbit contribution. 
The symbol 8 in eq.(13) represents the delta function and IDa~ is the transition frequency 
between occupied I a) and empty states I ~). 
Three distinct mechanisms can be ascribed to magneto-optical interband transitions: 
(i) The spin-orbit interaction perturbs the ground-states wave functions la) and I~), leading 
to an off-diagonal contribution which is proportional to 'Ej11E, where ~ is the spin-orbit 
splitting parameter and 11E an interband energy. 
(ii) The spin-orbit interaction contributes directly to the current via the n vector. 
(iii) The spin-orbit interaction leads to a splitting of degenerate levels. 
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2. EXPERIMENTAL TECHNIQUES 
2.1 Sample Preparation 
The investigated Tb(Mn1_xFex)2 samples were prepared by arc-melting in a 650 Torr 
argon atmosphere. The constituent metals of Tb, Mn and Fe were obtained from the Materials 
Preparation Center of the Ames Laboratory and they had purity of 99.7%, 99.9% and 99.8%, 
respectively. The individual metal was weighed according to its weight percentage in the 
chemical formula. For Mn, it was necessary to add an excess of 1.5% (weight percent) due to 
its high vapor pressure, which resulted in some losses in the arc-melting process 
The samples were melted repeatedly in the same atmosphere to ensure homogeneity. 
The weight and weight loss for the prepared alloys are presented in Table 1. In most cases, the 
cast samples after arc-melting are multiple-phase materials, hence heat-treatment is a 
necessary procedure to eliminate these second-phases as much as possible. In this case, after 
arc-melting, the cast samples were heat treated in an evacuated and back-filled quartz tube at 
700°C for 7 days. The heat treatment temperature was determined based on the Tb-Fe phase 
diagram [16,17], which indicates that the eutectic temperature (Te) is 700°C, so the annealing 
temperature should be lower than Te to avoid the appearance of eutectic composition. Three 
different solid solutions were obtained with x= 0.35, 0.5 and 0.65, the mass difference 
between before arc-melting and after arc-melting is less than 2% for all three samples. 
Table 1. The mass changes of three compounds before (Mb1111) and after arc-melting (Ma1m) 
Tb(Mno.6sFeo.3s )2 Tb(Mno.sFeo.s )2 Tb(Mno.JsFeo 65 )2 
Tb (g) 8.001 6.601 5.923 
Mn (g) 3.595 2.283 1.434 
Fe (g) 1.968 2.319 2.703 
Mb/m (g) 13.564 11.204 10.060 
Ma1111 (g) 13.433 11.086 9.934 
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2.2 X-ray Diffraction 
X-ray powder diffraction was performed to verify the desired phase (even if it is not the 
only phase in the sample) and determine the lattice constants and interatomic distances 
between three species in the different samples. A fairly fine powder was prepared by grinding 
small pieces of the crystals with a mortar and pestle, then it was spread uniformly on a greased 
microscope slide which was attached to the sample holder. Diffraction data collection was on 
a SCINT AG P ADV two-theta diffractometer, which was controlled by a computer. A 
graphite monochromator was used to obtain monochromatic X-rays. The scanning was 
controlled with DMSNT, a multitasking software package working under the Windows NT 
platform. Diffraction data were analyzed using various software packages including PROFAN, 
PARIN, EDAT, KARTA, REFIN, EDH, LS etc. The diffraction peaks were indexed by 
comparing the experimental X-ray diffraction pattern with the theoretical diffraction pattern, 
which was calculated by the same software packages mentioned above. 
2.3 Magnetic Property Measurements 
Two instruments were used in magnetic property measurements [ 18]. 
1.) Oxford Instruments Maglab 2000, possessing main features as follows: 
(i) Two different inserts corresponding to two different temperature ranges: the first is 2-400 
K; the second is 300-900 K. 
(ii) A superconducting magnet with a maximum field of 9T located in a liquid helium dewar 
with a gas coated radiation shield between the liquid helium dewar and liquid nitrogen 
jacket. 
(iii) A magnetic properties probe is designed to make AC susceptibility measurements in 
conjunction with a lock-in amplifier (LIA) and AC current source, and DC moment 
measurements in conjunction with a motor. 
(iv) High-performance microprocessor-based temperature controller, ITC503, with a number 
of features specially intended for i.1se in cryogenic applications. 
(v) A PC running Object Bench version 3.7 is used to control the temperature, pickup coils, 
motor drive unit, superconducting magnet and AC current source. 
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2.) Lakeshore Model 7225 AC susceptometer/ DC magnetometer [19] 
It measures both real (X') and imaginary (X") components of susceptibility as a function 
of temperature, amplitude and frequency of the AC field with or without DC bias fields up to 
5 tesla. In addition, the system measures magnetic moment as a function of temperature and 
applied DC fields including hysteresis loops. The block diagram is shown in Fig. 2. 
The main features are presented as follows: 
(i) The temperature range for operation is from 2 K to 325 K. 
(ii) A superconducting magnet with a maximum field of 5 T is located in a 60 liter super 
insulated helium dewar. 
(iii) A disposable nylon sample holder is assembled with cryostat probe insert, which 
accommodates up to 3.6mm(diameter) x 13mm(long) samples including powder, bulk 
and single crystal. The sample position is controlled by a stepping motor. 
(iv) AC susceptibility and DC magnetization measurements are controlled by ACS 7000 and 
DCM 7000 software, respectively. 
The principles for magnetic measurements are similar for these instruments: 
For DC magnetization measurements, when a sample is moved through a pair of pickup 
coils at a given moment, a voltage directly proportional to the moment is induced, (denoted as 
V) which is given by: 
_cJ<f>/ 
V - /dt ' 
thus, m =a</> 
m=-af Vdt 
i.e. </>=-fVdt 
where, </> is rate of change of flux, m 1s the moment, t is time and a is the calibration 
coefficient. 
For the AC susceptibility, the primary coil is excited by driving an AC current through 
it, and an identical signal is induced in both secondary coils. So the subtraction from each 
other is zero. However, when a sample is introduced into one of the secondary coils, the 
inductance of this coil is changed due to the magnetic properties of the sample. Thus, the 
15 
changes of impedance of the coil result in a voltage induced in the coil different from that in 
the original balanced empty coil. This voltage is directly proportional to the magnetic 
susceptibility of the sample, but also dependent on a number of other experiment parameters 
as given by the following relationship: 
V = (lla)VfHx 
thus, we have: X = av/ (VJH) 
where, v = measured RMS voltage, 
a= calibration coefficient 
V = sample volume 
f = frequency of AC field 
H = RMS magnetic field 
X = volume susceptibility of sample. 
Based on the sample configuration, the demagnetization factor was estimated to be of 
~0.3. The de magnetization, de and ac magnetic susceptibility and magnetic hysteresis were 
measured using Lake Shore Model 7225 (de magnetic field ranging from O to 50 kOe, 
temperature ranging from 4.5 to 320 K) and Oxford Instruments MagLab 2000 (temperature 
range of 300 to 700 K). The ac magnetic susceptibility was measured in 5 Oe, 125 Hz ac 
magnetic fields in zero and non-zero bias magnetic field. The error in the magnetic 
measurements was about~ 1 %. 
2.4 Magneto-optical Measurements 
1.) Sample preparation 
Compared with single crystal samples, polycrystal samples are easier to prepare and 
larger surfaces are also available for MO measurements. However, the surface quality of 
samples after arc-melting usually is not fine enough for MO measurements. Therefore, 
mechanical polishing is required to achieve a fairly smooth and mirror-like plane. The samples 
with dimensions of 1cm x 1cm x 2mm were cut in the shape of rectangle using a diamond saw, 
and polished using a series of silicon carbide papers and diamond suspension (up to 0.1 µm). 
While polishing with abrasives, the surface could be deformed and scratched, which causes 
16 
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Fig. 2 The block diagram of Lakeshore 
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diffuse scattering, especially in the high-energy spectral range (above 5.0 eV). The deformed 
surface results in strain-induced birefringence, which could affect the real signal. Annealing 
might be a wise choice to release the deformed surface, however, it would expedite the 
oxidation of the surface due to high annealing temperature. Since the R-TM alloys are very 
reactive with oxygen and even water, some inherent oxide layer appears on the sample surface 
during the polishing, which will definitely affects the magneto-optical properties of the sample, 
and not just reduces the refractive index of the surface[2O]. Therefore, samples have to be 
stored in the isolated container to reduce surface oxidation before the magneto-optic Kerr 
effect (MOKE) and ellipsometry measurement. 
2.) Spectroscopic ellipsometry 
Ellipsometry is widely applied to determine the dielectric or conductivity tensor of a 
material. The principle is based on the measurement of the state of polarization of a wave 
reflected from a surface. The ratio p of the complex Fresnel reflection coefficients for p-
(parallel to the incident plane) and s-(perpendicular to the incident plane )polarizations are 
defined as [21]: 
~ rP ;11 p =-:::-- = tanlfle (16) 
r, 
where rp, rs are the complex amplitude reflection coefficients for p- and s-polarized light, and 
\jf and ~ express the change in amplitude and phase between p and s components of polarized 
light reflected from a surface. Fig. 3 shows the schematic diagram of a rotating analyzer 
ellipsometer (RAE). 
Linearly polarized light with electric field vector i{ = [c~s 8 J is reflected from an 
sm0 
optically isotropic surface, with Jones matrix described by S ~ [~ ~} Then the rellected 
light passes through an analyzer rotating at a mechanical frequency ro and incidents on a 
detector. Since there is no difference between linearly polarized light with 0 = a and 0 = a + 
n, this leads to a modulation of the optical signal with frequency 2ro. 
I Monochromator I 
t 
• 
• I 
® 
I Filter Wheel 
I Entrance Slit I 
Lamp housing I 
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Focusing Mirror 
lshrrl 
I I 
Fig. 3 The schematic diagram of a rotating analyzer ellipsometer 
The Jones vector for the analyzer is given by: 
= ( cos2 (cut) sin(cut )cos(cut )J 
A sin(cut)cos(cut) sin2 (cut) · (17) 
From matrix algebra, the Jones vector for the light incident on the detector is given by : 
E =A·S·E U I ( 18) 
The irradiance at the detector: 
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I (t) = / 0 [1 + a2 cos(2cvt )+ /32 sin(2cvt)] 
where a 2 ,~2 correspond to the normalized Fourier coefficients: 
tan 2 1f1cos2 P-sin 2 P 
a=--------
2 tan 2 1/f cos2 P + sin 2 P 
/3 _ 2 tan l/f cos~ tan P 
2
- tan 2 lfl+tan 2 P 
We can determine l/f and~ as follows: 
cos~= /32 tan P ✓1-a; 
(19) 
(20) 
(21) 
Finally, we get the dielectric function from p (for details, see Lange's thesis [22]): 
(22) 
2.) Kerr Spectrometer 
A typical Kerr spectrometer system is composed of four basic components: the polarizer, the 
sample, the modulator and the analyzer. The incident light is polarized linearly by the 
polarizer, then passes through the photoelastic modulator (PEM), here an oscillating quartz 
bar at its resonance frequency. Linearly polarized light along a mutually perpendicular optical 
axes of the modulator experiences a periodically varying relative phase shift 8 = 80 sin( ca), 
where 80 is the maximum phase shift and co is the frequency of the modulator (PEM). The 
Jones vector for modulator is given by eq.(23). 
J, =(~ e~) (23) 
A new component configuration was employed in this study: polarizer-sample-
modulator-analyzer (PSMA) instead of the older one: PMSA. More detail discussion is 
available in Lange' s thesis[22]. In this configuration, the reflection matrix is given by 
20 
s = (~ -;;, ) (24) 
When linearly polarized light at an azimuth angle ( 0=lfl) is reflected by a magnetized sample, 
the reflected light is elliptically polarized with an ellipticity EK. The major axis of the 
polarization ellipse is related to the Kerr angle, 0K, and the Jones vector for reflected light is 
expressed by 
(25) 
For convenience, the angle for the analyzer is fixed at 8=45°. Using the Jones vectors 
described before, eq.(18), the light on the detector according to matrix algebra is: 
- -E0 = A· JR· Es (26) 
where JR is a retarder matrix with a phase shift 8 between mutually perpendicular polarized 
optical components introduced by modulator. 
The exact result for E0 is a complicated series function of e i@sin/oJt!_ If we keep the 
precision up to the second order of e ilx!sin(oJt) and assume that the magnitude of Ea as unity, we 
have one de component and two ac components at ro and 2ro. The expressions for these 
components are as follows : 
Ide = .!..[1 +] 0 ((\)cos(2t:K )sin(2(lfl +0K ))] 4 
11w = _.!..1J80 )sin(2t:K) 
2 
120) = _!__ 12 (80 )cos(2t: K )sin (2(l/f + 0K )) 2 
(27) 
where Ji is i-th order Bessel function. If we pick a special modulation 80, which makes 
Jo(bo)=O, then Ide will be a constant, and Kerr ellipticity and Kerr angle can be determined after 
normalization of l1 w and lzw: 
(28) 
' 
•·"' r 
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where A and B are calibration constants. This technique is called the intensity method, since it 
is valid for small values of (£K,0K)[23]. 
[ ]...,_ I Detector I 
Monochromator 
Lamp 
Filter Wheel 
~ Compensator I 
t I 
It 
Fig. 4 Experimental setup of the Kerr spectrometer 
The experimental setup of the Kerr spectrometer is shown in Fig.4. A Xe short-arc lamp 
is used as the light source. Its output is linearly polarized by a Olan-Taylor calcite prism and 
reflected by the sample surface. The measurement of the polar Kerr effect is made at a near 
normal incidence with the incident angle less than 4°. The reflected light travels through a 
modulator and an analyzer before reaching the detector. A filter wheel is used in front of the 
shutter of monochromator in order to prevent higher order diffraction of the monochromator. 
A photomultiplier tube (PMT) mounted on the exit of the monochromator works as the 
detector. 
The schematic of the electronics of the Kerr Spectrometer is shown in Fig.5. In general, 
the PEM 80 offers two reference outputs at wand 2m. The SR830 digital lock-in measures the 
2m component of the signal, A Fluke8842 multimeter measures the de component of the 
signal. Further information about this system is available in Lange's thesis[22]. 
Hamamatsu 
R562 
DL1641 
Current 
Preamp 
SR-PS325 
HVsupply 
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Fig.5 Schematic design of the Kerr spectrometer. 
Both experiments (ellipsometry and Kerr spectroscopy) are designed for the near-
infrared to near-ultraviolet spectral range (l .4eV-5.5eV). This range can only be fully 
covered in an ideal case, i.e. high light intensities with a high-quality sample surface. In fact, 
since the polished sample surface is still rough microscopically, and since some defects are 
unavoidable, there is a considerable loss of intensity at the high-energy side of the spectra. 
Practically, the experiments are performed between 1.5eV and 5eV[23]. 
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3. RESULTS AND ANALYSIS 
3.1 Magnetic Properties of TbMn2 and TbFe2 
The RMn2 and RFe2 binary compounds with R= Y, Gd, Tb, Dy have the same C15 
Laves type of cubic crystal structure and exhibit complex magnetic properties [6,24,25]. The 
magnetic ground state of Mn in RMn2 phases strongly depends on the Mn-Mn nearest 
neighbor distance dMn-Mn, which has critical value (de) of 2.66 A [7,8,26]. If dMn-Mn > 2.66 A, 
the Mn ions show a localized magnetic moment of -2.5 µB [27], and also order 
antiferromagnetically, while in compounds with dMn-Mn < 2.66 A, the Mn atoms have no 
intrinsic localized magnetic moment (LMM) [7 ,8,26]. 
The distance of 2.70 A between nearest Mn ions in TbMn2 is close to the critical value 
and, therefore, its ground magnetic state is highly sensitive to external influences, such as 
temperature, pressure, magnetic field and compositional substitution [28]. Although not all 
Mn ions carry localized magnetic moments [28], the interaction between Tb and Mn ions is 
ferrimagnetic at temperatures 40 < T < 45 K and antiferromagnetic below 40 K [25]. It was 
shown that competition between the instability of magnetic moments and frustration effects in 
TbMn2 result in unusual magnetic phases and TbMn2 exhibits strong short-range interaction 
even in the paramagnetic region [24]. 
TbFe2 orders ferromagnetically at Tc = 697 K with a Fe magnetic moment of 1.6 µB 
aligned along [111], (i.e., the easy magnetization direction) at low temperature [25]. Due to 
the smaller atomic radius of the Fe ions, compared with that of the Mn atoms, the dFe-Fe 
distance in TbFe2 is 2.59 A [29,30]. This compound is well known for its very large (-2500 
ppm) magnetostriction at room temperature [30]. Because both TbMn2 and TbFe2 
compounds are isostructural and thus easily form solid solutions, they can be used for 
studying the localization-delocalization effecof 3 d-magnetic moments of Mn, 4f-4f, 4f-3d 
and 3d-3d-exchange interactions, and the effects due to chemical pressure and strong 
magneto-coupling between two different magnetic sublattices. The small substitution of 4% 
Mn by Fe in the Tb(Mn1-xFex)2 solid solution changes the magnetic structure by a 
rhombohedral distortion below 70 K [26,27] . However, the region of the Tb(Mn1_xFex)2 
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compositions where the chemical pressure reduces the dMn-Mn to less than 2.66 A is also of 
interest for understanding the magnetism of compounds with the Laves-type crystal structure 
which includes both 4f- and 3d-atoms. Hence, Tb(Mn1-xFex)2 compositions are interesting for 
both fundamental and applied studies including the possibility of their application in magneto-
optical recording as Tb-Fe-Co alloys [31]. 
3.2 Crystal Structure of the Tb(Mn1-xFexh Compounds 
Previous research[25,26] has shown that both TbMn2 and TbFe2 crystallize in the same 
cubic Laves phase Cl5 type structure (space group o/, Fd3m). The Tb atoms are located on 
a diamond lattice at 8(a) sites [(1/8,1/8,1/8) and (7/8, 7/8, 7/8)], while the transition metal 
atoms lie on the tips of a tetrahedral at 16(d) sites [(1/2,1/2,1/2), (1/4,1/2,1/4), (1/4,1/4,1/2) 
and (1/2,1/4,1/4)]. Each unit cell consists of 8 formula units, i.e. 24 atoms. The lattice 
constants are 7.643 A and 7.347 A for TbMn2 and TbFe2 respectively. Other research [25] 
showed that TbMnFe possesses the same C15 Laves crystal structure, in which Tb atoms are 
located on 8(a) sites and the Mn, Fe atoms are randomly distributed on 16(d) sites. The results 
of our X-ray diffraction experiments confirm this arrangement for the same composition, and 
the lattice constant is calculated to be 7.453A. which is close to the value of 7.458A reported 
in the literature[25]. The results for other two samples Tb(Mno.3sFeo.6sh, Tb(Mno.6sFeo.3s)2 
verified our proposition: Tb atoms lie on 8(a) sites, Mn and Fe atoms randomly occupy 16(d) 
sites. The crystal structure and lattice constants for Tb(Mn1_xFex)2 system are listed in Table 2. 
From the table, we can see that the lattice constant and the Mn(Fe)- Mn(Fe) distances 
decrease with increasing Fe content. This is reasonable, since Mn has a larger atomic radius 
than Fe. The research by Inoue and Imai[24]already showed that Tb6Mn23 phase is present in 
an alloy of the nominal TbMn2 composition, and it is fairly difficult to exclude this 
contamination by any of the preparation procedures used. In our case, the contamination 
should be Tb6Mn23 _xFex phase and we will discuss the effect of this contamination later. 
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Table 2. Lattice constants and the Mn-Mn (Fe-Fe) distances in the Tb(Mn1-xFexh alloys 
Alloy Crystal structure Lattice constant(A) 
·TbMn2 C15 7.643 1 
Tb(Mno.6sFeo 35)2 C15 7.494 
Tb(Mno sFeo s)2 C15 7.453(7.485)2 
Tb(Mno.3sFeo.6s)2 C15 7.417 
TbFe2 C15 7.3463 
· See [50]. 
2 The value in the parenthesis is obtained from [25]. 
3
· See [30]. 
Mn-Mn (Fe-Fe) distance(A) 
2.701 
2.65 
2.64 
2.62 
2.593 
Figures 6a, 6b, 6c show X-ray diffraction patterns for Tb(Mn1_xFexh alloys. They are 
quite similar, indicating that three samples have same crystal structure. Most of the diffraction 
peaks were indexed as the C15 cubic laves phase structure. A comparison of the experimental 
patterns with the calculated patterns using a series of software is shown in the bottom of the 
same figures as the "Difference". The patterns for these compounds are fairly clean except 
that a common extrinsic small peak appears at about 38.5° in all three patterns, just at the left 
of the highest peak (311). We believe this is the contribution from a second phase. In order to 
identify this undesired phase, the calculated X-ray diffraction patterns for TbMn2 and TbFe2 
(presented in Table 3), and Tb6Mn23 (Table 4) were simulated as a reference utilizing a series 
of software. Comparing the experimental patterns with the calculated pattern of Tb6Mn23, it is 
clear that the highest intensity peak of Tb6Mn23 (044) is located at about 42°, overlapping with 
the matrix peak(222), and the second highest intensity peak (115) plus (333) is just located at 
38.5°, which is the position of the extrinsic peak shown in the Figures 6a - 6c. Therefore, we 
conclude that the undesired second phase is probably the Tb6Mn23_xFex phase in Tb(Mn1_xFex)2 
alloys. Direct verification is feasible after SEM quantitative examination, while our results 
from magnetic property measurements also support this assumption indirectly. On the other 
hand, considering that the small amount of this second phase and the lower limit of detection 
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of the X-ray powder diffraction technique is 5 vol.%, one can conclude that all three examined 
samples can be characterized as nearly single-phase polycrystalline materials. 
Table 3. Calculated X-ray diffraction patterns for TbMn2 and TbFe2 
il~~I~~> ••• .z 3J'liijtii > 
TbMn2 1 1 1 1220 20.109 TbFe2 1 1 1 1191 20.942 
0 2 2 6415 33 .129 0 2 2 6455 34.528 
Fd-3111 1 1 3 10000 39.061 Fd-3m 1 1 3 10000 40.73 
C1s 2 2 2 1555 40.873 C1s 2 2 2 1588 42.628 
0 0 4 44 47 .555 0 0 4 33 49.632 
1 3 3 310 52.126 1 3 3 270 54.43 
2 2 4 2139 59 .181 2 2 4 1928 61.865 
1 1 s 2077 63 .169 1 1 s 1870 66.078 
3 3 3 692 63.169 3 3 3 623 66.078 
0 4 4 1967 69.527 0 4 4 1735 72.819 
1 3 5 215 73.214 1 3 s 176 76.742 
0 2 6 822 79.21 0 2 6 696 83.152 
3 3 s 861 82.747 3 3 s 734 86.951 
2 2 6 409 83.92 2 2 6 353 88.214 
4 4 4 12 88.588 4 4 4 9 93.263 
1 1 7 61 92.081 1 s s so 97.063 
1 s s 61 92.081 1 1 7 so 97.063 
2 4 6 1006 97.927 
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Table 4. Calculated X-ray diffraction patterns for Tb6Mn23 (Fm3m) 
HKL Intensity 2 Theta HKL Intensity 2 Theta 
1 1 1 140 12.623 3 5 7 625 70.652 
0 0 2 17 14.585 l 1 9 l 70.652 
0 2 2 134 20.683 2 4 8 854 71.141 
l 1 3 66 24.304 4 6 6 10 73.081 
2 2 2 2179 25.402 l 3 9 244 74.523 
0 0 4 1778 29.414 4 4 8 1050 76.905 
1 3 3 3012 31.121 l 7 7 530 78.323 
0 2 4 451 32.979 3 3 9 1124 78.323 
2 2 4 3432 36.231 5 5 7 19 78.323 
1 1 5 5550 38.513 0 0 10 345 78.794 
3 3 3 4588 38.513 0 6 8 154 78 .794 
0 4 4 10000 42.082 0 2 10 72 80.670 
1 3 5 991 44.109 2 6 8 138 80.670 
0 0 6 1883 44.768 1 5 9 742 82.071 
2 4 4 50 44.768 3 7 7 604 82.071 
0 2 6 329 47 .333 2 2 10 65 82.537 
3 3 5 503 49.189 6 6 6 344 82.537 
2 2 6 132 49. 796 3 5 9 119 85 .785 
4 4 4 126 52.173 0 4 10 323 86.248 
1 1 7 388 53 .906 4 6 8 4 86.248 
1 5 5 1294 53 .906 2 4 10 26 88.097 
0 4 6 562 54.475 1 1 11 132 89.482 
2 4 6 36 56.713 5 7 7 24 89.482 
1 3 7 760 58.355 0 8 8 553 91.790 
3 5 5 161 58.355 1 3 11 423 93.177 
0 0 8 529 61.028 5 5 9 57 93 .177 
3 3 7 2212 62.599 1 7 9 126 93.177 
0 2 8 8 63.118 2 8 8 814 93 .639 
4 4 6 105 63.118 4 4 10 286 93 .639 
2 2 8 2060 65.170 0 6 10 400 95.491 
0 6 6 683 65 .170 6 6 8 206 95.491 
1 5 7 226 66 .687 3 3 11 2 96.884 
5 5 5 1187 66.687 3 7 9 115 96.884 
2 6 6 4 67.1 89 2 6 10 361 97 .349 
0 4 8 121 69.1 78 0 0 12 71 99.215 
4 8 8 168 99.215 
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3.3 Magnetic Properties of Tb(Mn1-xFexh Compounds 
The temperature dependence of the magnetization of the Tb(Mn1-xFexh alloys with x = 
0.35, 0.5, and 0.65 in a de magnetic field of 20 kOe is shown in Fig. 7. All curves are typical 
for a temperature induced magnetic phase transition from the FM (ferromagnetic or 
ferrimagnetic) state into the PM (paramagnetic) state upon heating. The paramagnetic Curie 
temperature (Tc) increases almost linearly with Fe content (see the inset in Fig. 7 and Table 
5) from ~ 236 K for x = 0.35 to 450 K for x = 0.65 at the rate of~ 15 K/at % Fe, which 
correlates well with Tc values for TbMn2 [32] and TbFe2 [30]. However, the different 
temperature dependencies for the Tb(Mn1_xFexh samples explicitly reflect a competition 
between 4f- and 3d-electron systems over the whole temperature range. At SK, the 
magnetization is nearly the same for Tb(Mno.6sFeo.3sh, and Tb(Mno.sFeo.sh, i.e., 127 emu/g 
and 123 emu/ g, respectively, while it is 113 emu/ g for Tb(Mn0.35Fe0.65h- The magnetization 
for all three alloys decreases with increasing temperature, converges at about 130K, then 
drops drastically with different slopes upon further increase in temperature. 
The isothermal magnetization of the Tb(Mn1_xFexh alloys with increasing magnetic 
field at different temperatures is shown in Fig. 8a, 8b and 8c. At 5 K, the magnetization of 
Tb(Mn0.65Fe0.35)2 saturates at ~ 15 kOe de magnetic field and approaches to 130 emu/ g at 50 
kOe (Fig. 8a). The spontaneous magnetic moment extrapolated to zero magnetic field (Ms) is 
6.0 µB/f.u. Since the theoretical magnetic moment of the free ion Tb3+ is 9.0 µB[33], the 
spontaneous magnetic moment of Tb(Mn0.65Fe0.35h clearly implies that localized magnetic 
moments (LMM) of Tb atoms are partially compensated by magnetic moments of Fe atoms, 
while spin fluctuation of Mn atoms occurs due to the random distribution of Fe and Mn 
atoms on TM-sites[26,28]. An increase of temperature reduces the magnetization of the alloy 
and also decreases the saturation magnetic moment. At 320 K and above the transition 
temperature shows paramagnetic behavior. 
The magnetization of Tb(Mno.sFeo.sh and Tb(Mn0.35Fe0.65h at 5 K shows similar 
behavior. However, spontaneous magnetic moment for both alloys at 5 K is slightly lower, 
5.8 and 5.3 µB/f.u., respectively. At 320 K, the magnetization curves of both compounds 
show the presence of spontaneous magnetization, which implies that both compounds 
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have a Curie temperature higher than 320 K. The saturation magnetic field for 
Tb(Mn0.35Fe0_65)z (-10 kOe) is lower than that for alloys with x = 0.35, and 0.5 (-15 kOe). 
This feature is easy to understand: if the non-collinear arrangement factor originating from 
Mn atoms is smaller in Tb(Mn0.35Fe0.65)z than in Tb(Mno.6sFeo.3sh and Tb(Mno.sFeo.sh, hence 
the magnetic moments in Tb(Mn0.35Fe0.65h would be easier to magnetize. Also this may 
explain another feature exhibited in Fig. 8: increasing the Fe content will decrease the 
spontaneous magnetization due to more compensation between Tb moment and Fe moment. 
Hysteresis measurements on polycrystal samples allowed us to determine the magnetic 
remanence (BR) and coercivity (He) at different temperatures, which are plotted in figures 9a 
and 9b, respectively. The magnetization of each of the studied Tb(Mn1_xFex)2 alloys shows 
significant hysteresis with both magnetic remanence(BR) and coercivity(Hc) below the 
transition temperatures. These parameters were determined from the field dependence of the 
magnetization from 5K to 300K when the magnetic field was changed systematically 
between 20 and -20 kOe at an interval of 2 kOe. The magnetic remanence of 
Tb(Mn0.65Fe0_35)z at 5 K is -54 emu/g and the substitution of Fe for Mn reduces it to -38 and 
48 emu/g for alloys with x = 0.5 and x = 0.65 respectively (Fig. 9a). The magnetic remanence 
curves show a similar tendency, except that BR for Tb(Mno.3sFeo.6sh is larger than for 
Tb(Mno.sFeo.sh from 25K to 300K. At 5 K the coercivity of Tb(Mn0.65Fe0.35)z is the highest, 
2.0 kOe (-159 kNm), and sharply decreases with increasing temperature (see Fig. 9b). When 
the temperature is above -75K, the slope becomes flatter. The substitution of Fe for Mn 
reduces the coercivity for Tb(Mno.3sFe0.65)2 to 1.3 kOe (-103.4 kA/m) at 5 K. At about 20 K 
there is a cross-over, and above -70 K, the coercivities increase with increasing of Fe 
content. 
Since the magnetization curve for each alloy shows saturation behavior above an 
external field of 15 kOe, the temperature dependence of the de magnetic susceptibility (Xctc) 
is measured at an external field of 20 kOe to ensure that all the alloys are magnetized to the 
saturation state. 
Figures 1 Oa, l Ob and 1 Oc show the temperature dependencies of magnetization and de 
inverse susceptibility (Xctcr1 for the three alloys at 20 kOe. Just above the Curie temperature 
the de magnetic susceptibility of all alloys follows a Curie-Weiss law, x(T) = Np2eff/3k(T-0p) 
37 
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Table 5. Magnetic properties of the Tb(Mn1-xFexh alloys. 
Parameter/ Alloy TbMn2 Tb(Mno.65Feo.35h Tb(Mno.sFeo.5h Tb(Mno_35Feo.65h TbFe2 
Remanence at 5 K 54 39 50 
(emu/g) 
Coercevity at 5 K 2.0 1.4 1.3 
(kOe) 
Tc (Arrott plots) 215 320 430 
0pmL (K) (Xctc ) 66[24] 236 325 450 
PeftL (µB/f. ll ·) (Xctc ) 9.36[241 7.5 4.1 4.2 
0rmtt (K) (Xctc ) -6[24] -496 250 246 
PeffH (µB/f. ll.) (Xctc ) 9.70[241 6.1 
T.R. * (Xctc) 5-750[241 5-600 5-600 5-600 
0P (K) (Xac') 232 334 490 
P eff (µB/f. u.) Cxac') 7.7 6.8 6.4 
T.R.* (Xac') 5-350 5-400 5-600 
Paramagnetic moment 9_72[33l 9.72 9.72 9.72 9.72 
of Tb (µB) (theory) 
= g[J(J + l)J'2 
Ferromagnetic moment 9.0 9.0 9.0 9.0 9.0 
of Tb (µB) (theory) 
=gl 
Magnetic moment 1.7 1.7[25] 1.7 1.6[30] 
of Fe **(µB) 
Effective magnetic 6.8[50] 6.0 5.8 5.3 4.8136] 
moment in saturated 
state at 5 K ***(µB) 
----more----
Calculated moment 1.10 
of TM (µ 8 ) (experimental) 
Theoretical momen t 
of TM (µB) 
43 
1.50 
1.45 
1.60 1.85 
1.60 1.75 
* T.R. means the temperature range for de magnetization and ac susceptibility measurements. 
2.10 
** The magnetic moment for Fe in Tb(MnosFeos)2 was reported as 1.7µa in Ref. [25) , and in TbFei 
it was 1.6 µ8 in Ref. [30) . Since the magnetic properties are very stable tor Fe in the Tb(Mn1_xFCx)2 
alloys, we assumed that the magnetic moment for Fe is the same in the Tb(Mn1_xFCxh alloys with x 
= 0.35 , 0.5 and 0. 65. 
*** The saturated magnetic moment at 5 K tor TbMn2 was measured along the [111] direction of a 
single crystal sample at 56 kOe. The other reported values are for polycrystalline samples. 
with different paramagnetic Curie temperatures, 0pmL and 0 pmH, and effective magnetic 
moments, PertL and PertH• The effective magnetic moment, PeftL, decreases with the 
substitution of Fe fo r Mn. However, an explicit change of slope of inverse susceptibility was 
observed around 320 K, 400 K, and 570 K for Tb(Mn1_xFexh alloys with x = 0.35, 0.5, and 
0.65, respectively. Similar slope changes were also observed for TbMn2 at ~420 Kand some 
other RMnr type compounds by Inoue and Imai [24], while there are no crystal structure 
transitions observed at these temperatures. The paramagnetic temperatures below the slope 
changes are positive and larger than those obtained from the data above the slope changes 
(see Table 5). 
The ac susceptibility has been measured from 5K to 600K in a low ac magnetic field of 
5 Oe and a frequency of 125 Hz. The temperature dependence of the real component x' ac, of 
the ac susceptibility is shown in Fig. 1 la-1 lc, and the insets show the inverse of Xac' in the 
vicinity of the transition temperature. For all alloys , (X' acr' exhibits a peak at a temperature 
close to the Curie temperature and follows the Curie-Weiss law above this temperature (see 
insets in Fig. 11 ). The magnetic behavior in this region is similar to that of the de 
susceptibility. Therefore, we can determine the paramagnetic Curie temperature (0p) and the 
effective magnetic moments (Pelf) in the same way as for the de susceptibility case. The 
results are presented in the insets of Fig. I 1. 0µ is 236 K, 334 K and 490 K; while Pelf is 7.5 
µB/f.u ., 6.8 µB/f.u. and 6.4 µB/f.u. for Tb(Mno.6sFeo.3sh, Tb(Mno.sFeo.shand Tb(Mno. 3sFeo.6s)2 
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respectively. The effective magnetic moments are larger than those calculated from the de 
magnetic susceptibility data, and decrease with increased substitution of Fe for Mn (see in 
Table 5) . 
To determine the Curie temperature, we made M2 vs. M/H (Arrott) plots for three 
alloys. These plots are presented in Fig.12a-12c. From these plots, we obtained the Curie 
temperature as 215 Kand 430 K for Tb(Mn0.65Fe0.35h and Tb(Mno.3sFeo.6sh, respectively. For 
Tb(Mn0.5Feo.sh, Tc is difficult to determine because 320 K is the upper temperature limit of 
the Lakeshore magnetometer. The curve at 320K is almost a straight line, and therefore it is 
quite likely that the Curie-temperature is around 320K for Tb(Mn0.sFeo.sh. The results from 
the Arrott plots are in fair agreement with the paramagnetic Curie temperatures obtained 
from both the ac and de susceptibility measurements(see Fig.10a-10c and the insets of 
Fig. lla-llc). 
3.4 Discussion of the magnetic behaviors of the Tb(Mn1-xFexh Compounds 
As we know, the magnetic moments of Tb and Fe atoms are quite stable in Tb(Mn1. 
xFex)2 alloys, while the sensitivity of the Mn moment to the interatomic distances also has 
been well known for decades[26,35]. There exists a critical distance between nearest-
neighbor Mn atoms, de =2.66 A, such that when the Mn-Mn distance is larger than the 
critical value, a localized magnetic moment on the Mn atoms is observed (such as R= Pr, Nd, 
Sm, Gd). On the other hand, when the Mn-Mn distance is smaller than this critical value, Mn 
is non-magnetic (in ErMn2). When the Mn-Mn distance is close to de, Mn atoms exhibit a 
complicated behavior (R= Tb, Y)[35]. A neutron diffraction study of a TbMn2 single crystal 
indicated that it had a quite complicated magnetic structure [28], and an especially quick 
decay of the Mn magnetism when Fe is substituted for Mn in TbMn2[27]. Brown et al.[28] 
reported a progressive rhombohedral distortion along the [111] direction for Tb(Mn0_96Fe0.04)z 
at room temperature, the space group degenerated from Fd3m to R3m, which split the Mn 
atoms into two inequivalent sites, (1 b) and (3d). Based on the neutron diffraction results of 
single-crystal TbMn2, it was concluded that at low temperature, the magnetic structure of 
TbMn2 consists of two magnetic structures: AFM (S l), which is favored at zero-field, and a 
51 
partial FM (S2), which is favored at high field. The stabilization of S2 is accompanied by the 
alignment of the ferromagnetic component of the Mn moment. The rare-earth magnetism 
accounts for the stability of such a spin structure through Tb-Tb and Tb-Mn exchange 
interactions and the crystal field effects. The research showed that the Mn in the (lb) site has 
a moment of 1.37 µB at 5 K, whereas the Mn atoms in the (3d) sites are non-magnetic or 
weakly-magnetic due to the different orientation of the molecular fields originating from the 
antiferromagnetic component and ferromagnetic component of the Tb moments. In SI, the 
Mn sublattice itself is magnetically ordered, its magnetization is internally compensated[28]. 
The magnetic structure of TbMn2 proposed by Brown et al. is presented in Fig.13. As 
we can see, the component of moment parallel to [111] with forrimagnetic coupling of Tb 
and Mn is combined with an antiferromangetic component in the (111) plane, and the 
moments in a (111) plane are parallel to one another but adjacent (111) planes are 
antiparallel. Between each strongly magnetic Tb-Mn layer, there exists a weakly magnetic 
Mn layer. From their neutron diffraction results of polycrystalline Tb(Mn0.96Feo.04)i, 
Brown[28] reported that Tb has a magnetic moment of 8.7 µB while a Mn atom at (lb) site 
has a magnetic moment of 1.37 µB, and Mn atoms at (3d) sites are non-magnetic. Based on 
the magnetic structure in Fig. 13, we can calculate the net magnetic moment of the 
polycrystalline 
Mn(1b), Mn(3d). lb I 
Fig. 13 The magnetic structure of TbMn2 proposed by Brown et al .. 
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sample Tb(Mn0.96Fe0_04h in two directions along which the magnetic moments of Tb and Mn 
atoms are antiparallel. The result is 8.0 µ 8/f.u. for both directions. Talilc et al. [32]measured 
the magnetization of TbMn2 single crystals along different crystallographic axes. The 
magnetization is 5.8 µ 8/f.u., 5.2 µ8/f.u. and 2.7 µ8/f.u. along [111], [100] and [101] direction, 
respectively. Combining these two results with the crystal structure of TbMn2, we can deduce 
that there exists a preferred direction of magnetization in the polycrystalline sample of 
Tb(Mn0.96Fe0.04h in Ref. [28], which is not along any of the principal crystallographic axes, 
but lying between the (100) and (111) planes instead. The angle between the magnetization 
of the polycrystalline Tb(Mn0.96Fe0.04h and (100) plane is about 49.5°, for (111) plane it is 
about 43.5°. Similarly, the angle between the magnetization and (101) plane is about 70.3°. 
In Table 5, we listed the saturated magnetic moment as 6.8 µ 8/f.u. for TbMn2, which was 
measured along the [111] direction at 56 kOe by Maki.hara et al.[50], whereas it is 5.8 µs/f.u. 
reported by Talilc et al. [32] for the same direction. This difference might be due to a slight 
misalignment of the crystal axis in the two experiments. 
In Table 5, we presented the calculated values and the theoretical values of the magnetic 
moment for Mn and Fe. The calculated moment for Mn and Fe is 1.1 and 2.1 µ8 per atom, 
respectively, based on the ferromagnetic moment of Tb (Peff=9.0 µs), the ferrirnagnetic 
structure of the Tb(Mn1_xFex)2 compounds and the measured effective magnetic moment at 5 
K. The other three theoretical values in the same row represent the effective magnetic 
moment of a mixture of the transition-metal atoms-(Mn1_xFex) with x=0.35, 0.5 and 0.65. 
The theoretical moment for this mixture of atoms is obtained by assuming that Mn and Fe 
have the magnetic moment of 1.1 and 2.1 µ 8 per atom, respectively, and that they contribute 
to the theoretical magnetic moment according to their respective atomic percentages. As we 
can see, the theoretical values are close to the ones calculated from the experimental results, 
which implies that the magnetic moment for Mn and Fe almost remains the same in the 
Tb(Mn1_xFex)2 compounds with x =0.35 , 0.5 and 0.65 . 
It has been shown that the temperature dependence of magnetization of R-TM2 
compounds is mainly determined by 4f-4f interaction and 3d-3d interaction over the different 
temperature ranges. The former contributes at low temperatures, while the latter prevails at 
high temperatures [36] . Therefore, we can explain the thermal-magnetic behaviors for the 
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present system as follows: at low temperature (in Fig. 7, for example, when T is below 130K) 
the 4f-4f interaction is the dominant factor among the various interactions, all three 
compounds behave similarly. The smaller magnetization for Tb(Mno.3sFeo.6sh can be 
ascribed to a change in the Mn magnetic moment relative to the other compositions. 
However, at high temperature (for example, when T is above 130 K), the strength of the 4f-4f 
interaction decreases very rapidly with increasing temperature. The magnetic ordering of the 
Tb sublattice substantially dissipates, and the Fe-Fe interaction is dominant. Furthermore, the 
addition of Fe leads to a smaller 3d-3d distance in compounds, and the 3d-3d interaction 
becomes stronger and modifies the magnetic moments on the Mn atoms. This model may 
describe the trends presented in Fig. 7. The isothermal magnetization of Tb(Mn1_xFex) can be 
mainly explained in a similar way(see Page 31 and 32). 
For the studied Tb(Mn 1_xFexh compounds both the magnetic remanence and coercivity 
decrease with increasing temperature. It is known that both magnetic remanence (BR) and 
coercivity (He) are mainly determined by the magnetocrystalline anisotropy. Meanwhile, 
research showed that the 4f contribution to the magnetocrystalline anisotropy is dominant at 
low temperature whenever 4/ ions have none-zero orbital moments[36], and the 3d 
anisotropy contributes substantially to the overall anisotropy of all magnetic R-TM 
compounds at elevated temperatures. The neutron diffraction studies on Tb(Mn0.96Fe0.04) 2 
showed that the easy axis is along [111], while Mn moments attempt to align perpendicular 
to [111].[28] The magnetocrystalline anisotropy is determined mainly by the competition 
between Tb and Fe anisotropy. Therefore, a larger Fe content corresponds to the lower 
anisotropy at low temperature. At high temperature, higher Fe content otherwise leads to the 
higher anisotropy. Franse introduced the concept of the temperature-induced-moment-
reorientation (TIMR) to explain the natural cancellation of the anisotropy contributed from 
the 4f and 3d sublattices [36] . On the other hand, the contribution from Mn anisotropy should 
be considered especially at elevated temperature. Generally, the tendency shown in Fig. 9a 
and Fig. 9b is explicit: the coercivity and magnetic remanence decrease with increasing Fe 
composition at low temperature, except that the magnetic remanence for Tb(Mn0. 35Fe0.65)z is 
larger than that for Th(Mno.5Fe0.5)z even at temperature below 20 K, while at temperatures 
above -20 K, the aniso tropy is dominated by the Fe contribution instead. Therefore, a higher 
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Fe content means smaller reduction of the coercivity and magnetic remanence with 
increasing temperature, i.e. , Tb(Mn0.35Fe0.65h exhibits the highest coercivity and magnetic 
remanence at high temperature. 
The unusual behavior of (Xc1cr 1 could possibly be attributed to two mechanisms: one is 
the coexistence of the ferromagnetic contaminant Tb6Mn23_xFex, which we already mentioned 
in the discussion of the x-ray diffraction results. Since Tb6Mn23_xFex has a high Curie 
temperature (Tc for Tb6Mn23 is 455 K) , it enhances the magnetic interaction even above the 
Curie temperature for Tb(Mn1_xFexh alloys. Hence, X<tc would be larger for these alloys than 
it would be for the pure Tb(Mn1_xFexh materials without any second phase present. However, 
the different temperatures correlated to the slope changes for different samples indicate that 
some other mechanisms should also be responsible for the slope change. The origin of a 
positive 0P arises from the RKKY type of interaction between Tb ions, while the origin of a 
negative 0P is unclear [24]. Inoue suggested that the observed slope change of the de 
magnetic susceptibility is due to a strong antiferromagnetic interaction between Mn magnetic 
moments enhanced by spin fluctuations [24]. The effective magnetic moments (Peff) 
calculated from the de magnetic susceptibility above the temperature of the slope change 
reflect the presence or an additional localized magnetic moment in all compounds. Thus, the 
presence of the smaller (even negative) paramagnetic Curie temperatures above the slope 
changes can be partially ascribed to the antiferromagnetic interaction between LMM of Mn 
[24]. 
In the ferromagnetic reg10n the ac magnetic susceptibility of Tb(Mn0.65Fe0.35h 
decreases with temperature increase without any significant features. However, two peaks in 
the ac magnetic susceptibility in Tb(Mn0.5Fe0.5) 2 as well as Tb(Mn0.35Fe0.65 ) were observed 
(Fig. 11 b and llc). In general, a peak in the ac magnetic susceptibility is observed in various 
classes of magnetic materials, such as antiferromagnets, spin-glasses or 
superparamagnets[37 ,38]. For the latter two types of materials, the peak of the ac magnetic 
susceptibility results from the freezing of magnetic moments and domain blocking, 
respectively. However, the ac magnetic susceptibility of ferromagnets with non-zero 
coercivity and remanence may also show a peak at the Curie temperature [39,40], which 
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anses from differem responses of the material to the external applied field rn the 
paramagnetic and ferromagnetic regions. 
The observed decrease of the ac magnetic susceptibility of Tb(Mn1-xFex)2 below the 
Curie temperature correlates, in general, with the increase of coercivity and remanence (Fig. 
9), which shows that material loses the ability to respond to the low ac magnetic field with 
decreasing temperature. It is known that temperature dependence of the ac magnetic 
susceptibility of ferromagnetic materials below the Curie temperature is mainly determined 
by the remenance and coercivity, which arise from the magnetocrystalline anisotropy and 
play significant roles in the domain structure and oscillation of domain walls in ac magnetic 
fields[ 41]. Considering the presence of the magnetic impurity phase in our samples, we have 
to account for the effects of the impurity phase, which increase the magnetocrystalline 
anisotropy and the magnetic susceptibility as well. Hence, the domain wall motion and the 
effects of magnetic impurity phase may account for one or both of the two peaks observed in 
the ac magnetic susceptibility of Tb(Mn0_5Fe05) 2 and Tb(Mn0_35Fe0_65)z. Further understanding 
would require a detailed study of a single crystal. 
3.5 Magneto-optical Properties of the Tb(Mn1-xFexh Compounds 
The optical constants of three samples have been measured usrng a spectroscopic 
ellipsometer at zero fi eld. In Fig.14 we present cr1xx for the three compounds and the data for 
TbFe2 from Lee [ 421 for comparison. As we can see, all of the compounds show similar 
features in cr1xx except the different magnitude, which agrees well with the results measured 
by Sharipov et al.[ 43.461. <Ji xx decreases monotonically between 1.5 and 5 eV. The increase 
of <Jixx above 5 e V, which is observed for all four compounds, is due to the small light 
intensity at these energies which leads to a false signal in ellipsometric measurements. The 
results shown in Fig. l 4 clearly indicate that <Jixx increases with increasing Fe content. The 
diagonal components of the optical conductivity primarily are due to interband transitions 
between s and p bands , p and d bands due to their large dipole matrix elements. However, 
they are not adequate for understanding the involvement of f-electrons in the lanthanide 
metals, even though the lanthanide element is the same, Tb, for all three compounds. Rhee 
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suggested that transitions occurnng around the r point in the band structure mainly 
contribute to the 2.5 eV broad shoulder in RFe2, and transitions involving p-derived states 
significantly affect the optical conductivity. The trends shown in Fig. 14 imply that cr1xx is 
determined by p-d interband transitions in the Tb(Mni-xFex)2 system. Since the contribution 
from Tb atoms is almost the same in the Tb(Mn1_xFex)2 system, the dominant factor should be 
ascribed to the variation of p-d interband transitions of Fe and Mn atoms due to the 
substitution of Fe for Mn. Based on the study of the magnetic properties, the Tb moments are 
partially compensated by Fe moments. Thus more Fe substitution decreases the net 
magnetization. Therefore, from the tendency shown in Fig. 14 it can be concluded that cr1xx 
increases with decreasing net magnetization. 
The magneto-optical properties have been measured for all three polycrystal samples at 
295 Kand an applied magnetic field of 0.5 T. The Kerr rotations and ellipticities for Tb(Mn1_ 
xFex)i alloys are presented in Fig. 15 and Fig. 16, respectively. The experimental Kerr 
rotation spectra for TbFe2 have been reported by S.-J. Lee[23,42] and Katayama and 
Hasegawa[ 44]. Katayama and Hasegawa measured magneto-optical Kerr effect spectra 
between 1.65 eV and 5.0 eV for a series of RFe2 intermetallic compounds (R = Gd, Er, Ho, 
Dy, Tb) at room temperature and an applied magnetic field of 1.2 T, among which TbFe2 
exhibits the largest Kerr rotation in the UV region, with a negative peak of0.41° at 4.5 eV. In 
the low energy region, the Kerr rotation shows small, positive values, then becomes negative 
for energies above 3. leV. No ellipticity results were reported. Lee measured the Kerr rotation 
and ellipticity at different temperatures and applied magnetic fields for both single-crystal 
and polycrystal TbFe2. The results showed that the Kerr rotation for single-crystal TbFe2 is 
over three times larger than that for polycrystal TbFe2. Since we used the same measuring 
apparatus as Lee did, for convenience, the results for polycrystalline TbFe2 are also plotted in 
Fig.14, which were measured by Lee under the same conditions (295 K, 0.5 T). From the 
results in Fig.14, it can be concluded that the Kerr rotation of Tb(Mno.35Fe0_65)2 and 
Tb(Mno.5Feo. 5)2 show features similar to those observed for TbFe2. These results also agree 
with those reported by Katayama and Hasegawa[44]. At 4.3 eV, the maximum Kerr rotation 
angle is -0.31°, -0.37° at 4.3 eV and 4.1 eV for Tb(Mno.3sFeo.6s)2 and Tb(Mno.sFeo.s)2, 
respectively, whereas for TbFe2, it is -0.12° at 4.6 e V. It is clear that the maximum Kerr 
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Fig. 14 The real part of the diagonal optical conductivity for TbFe2, Tb(Mn035Fe0_65) 2, 
Tb(Mn0 le0 5) 2 and Tb(Mn0 6le035) 2 at room temperature and zero field. 
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rotation angle shifts to higher energy with increasing Fe content. The data from Katayama 
and Hasegawa[44] showed a flat shoulder existed between 2.2 eV and 2.8 eV for TbFe2, and 
even more clearly between 2.1 eV and 3.0 eV in the results reported by Lee[42]. For 
Tb(MncusFeo.6s)2 and Tb(Mno.sFeo.sh, a smaller shoulder is observed between 2.0 eV and 2.5 
eV. However, no such features are observed for Tb(Mno.65Fe0_35)z. This is quite easy to 
understand: the Curie temperature for Tb(Mno.65Fe035)z is 232 K, and thus it is in the 
paramagnetic state, i.e., it does not exhibit a spontaneous magnetization at room temperature, 
and so the magneto-optical Kerr effect is negligible (the small features around the zero can 
be ascribed to the ferromagnetic contaminant). For all three samples, the data are not reliable 
above 5.0 eV due to the weak intensity of the reflected light beam from the surface. From 
Fig.15, the tendency is very explicit: the Kerr rotation angle becomes more negative with 
increasing Mn content, provided Tc is above room temperature. As for ellipticity, 
Tb(Mno.5Fe0_5)z and Tb(Mno.6sFeo_35)2 exhibit similar features to those of TbFe2: one small 
flat shoulder around 2 eV, a small broad peak between 3 and 3.5 eV and a deep minimum at 
5 eV or more. The general comparison based on Figs. 15 and 16 could lead to the conclusion 
that Tb(Mni-xFex)2 compounds behave similarly to TbFe2 in terms of magneto-optical effect. 
From the macroscopic theory of magneto-optics, we know that the magneto-optical 
parameters (SK, EK) are directly related to the off-diagonal optical conductivity CJxy, the 
relationship between the magneto-optical parameters (SK, EK) and the real, imaginary part of 
the off-diagonal optical conductivity crxy is given by: 
where, 
OJ 
0"1xy =-(-ABK +B&K) 
41r 
-OJ 
0"2xy = -(B0K + A&K) 
41r 
A = -k3 + 3n2 k - k 
B = -n3 + 3k2 n + n 
(29) 
(30) 
The optical constants n and k (real and imaginary parts of the complex refractive index) can 
be calculated through ellipsometry. The absorptive part of off-diagonal optical conductivity 
cr2xy was calculated from Eq. 29 for all three samples and plotted in Fig. 17 with that of 
polycrystalline sample TbFe2 from Lee. Compared with Fig.14, it is clear that crixx is much 
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larger than a 2xy, and a 1xx is always positive and changes monotonically below 5 eV, while 
a 2xy can be positive and negative. In Fig.17, all the a 2xyS vary from negative to positive with 
increasing energy, however, the energy corresponding to the sign-reversal point of cr2xy is 
different for all four samples. It is about 4 eV for TbFe2, 3.0 eV for Tb(Mno.3sFeo.6s)2, 2.7 eV 
for Tb(Mno.5Feo.s)2, and 3.5 eV for Tb(Mno.6sFeo.3s)2, respectively. In other words, the sign-
reversal energy generally decreases with increasing Mn content. As mentioned before, the 
non-feature curve for Tb(Mno.6sFeo.3s)2 is due to the paramagnetic state of Tb(Mno.6sFeo.3s)2 
at room temperature, this may account for the differences observed for this alloy compared to 
the other three compositions. As for Tb(Mno.sFeo.sh and Tb(Mno.3sFeo.6s)i, the cr2xy curves 
show features similar to that of TbFe2 below 3 eV. Above 3 eV, a2xy curve increase 
significantly for Tb(Mno.5Feo.sh and Tb(Mno.3sFeo.6s)2, whereas it increases slowly for 
TbFe2. This explains the reason that Tb(Mno.sFeo.s)2 and Tb(Mno.3sFeo.6s)2 have larger 
maximal Kerr rotation angles than TbFe2 between 4 eV and 5 eV. Note that the data for 
TbFe2 were collected based on the annealed polycrystalline sample [23], whereas the samples 
used in our research were not heat treated for stress relief Therefore, our data for the Kerr 
rotation angel might include some strain-induced factor, which might increase SK, but this is 
not a dominant factor. Also the surface oxidation has to be taken into account when 
analyzing the magneto-optical data, the detail is available in Lange and Lee's theses [22,23]. 
In general, Fig.17 well indicates the contribution from Mn content in Tb(Mn1-xFex)2 system 
in terms of magneto-optical effect. 
As we can see, the magneto-optical properties of compounds do have a relationship 
with magnetization. However, no simple linear dependence between these two properties can 
be derived. See Table 6, in which the maximum Kerr rotation angles are compared to the 
magnetization measured under the same conditions. Therefore, some other important factors 
account for the magneto-optical effects. Misemer[45] presented a theoretical study of the size 
of the magneto-optical effects and their dependence on spin-orbit interaction and exchange 
splitting. It was shown that the MOKE coefficient is proportional to the spin-orbit 
interaction, but no simple relationship was forwarded for the magnetization, which is 
consistent with our results shown in Table 6. Tb(Mno.5Fe0.5)z looks more "effective" than 
Tb(Mno.3sFeo.6sh and polycrystalline TbFe2 with a Kerr rotation of -0.30°/µ8 at room 
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temperature. At low temperature, Tb(Mno.6sFeo.3s)2 might have higher 0K. ma.xlM than 
Tb(Mno.5Fe0_5)2. Based on the results for TbFe2, single-crystal samples of these Tb(Mn1• 
xFei.)2 alloys are expected to have higher values for these properties. 
Table 6 Maximum Kerr rotation 0K. max measured for Tb(Mn1.xFex)2 compounds at 295 K, 
0.5 T, Emax is the energy corresponding to 0K, max, Mis the magnetization of the 
sample at the same conditions (T= 295 Kand H= 0.5 T). 
Alloy 0K, max(0 ) Emax(eV) M (µs/fu.) 0K, max!M ( 0 /µB) 
Tb(Mno.sF eo.s )2 -0.36 4.1 1.19 -0.30 
Tb(Mno_35Feo.65)2 -0.31 4.3 2.76 -0.11 
TbFe2 1 -0.12 4.6 2.00 -0.06 
TbFe/ -0.46 4.6 2.50 -0.18 
1 data of polycrystal sample in Ref. [ 42] 
2 data of single crystal sample in Ref. [42] 
In order to further identify the ongm of the Kerr effects in the Tb(Mn1.xFexh 
compounds, a closer study of the electronic structure and densities of states of these 
compounds is necessary. The tight binding-linear muffm tin orbital (TB-LMTO) method 
based on the atomic sphere-approximation (ASA) has been applied in the calculation of the 
electronic structure and density of states (DOS). The potential parameters and the structure 
matrix are necessary for conventional LMTO band structure calculations. The screened 
structure matrix of the TB-LMTO method is obtained by transferring the unscreened 
structure matrix of the conventional LMTO. Tb(Mn1.xFex)2 compounds with C15 Laves type 
of cubic crystal structure, are appropriate for the TB-LMTO calculation because the C 15 type 
is a close-packed structure with high symmetry. Figure 18 and Figure 19 present the total and 
partial DOS ofTbMn2 and TbFe2, respectively. For this self-consistent calculation, the lattice 
parameters listed in Table 2 were used, the 4f electrons of Tb were treated as valence 
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electrons due to their small spatial extent, the exchange-correlation potential has been 
included in the local spin density approximation (LSDA) with the von Berth-Hedin form[23]. 
The shapes of the total density of states of TbMn2 and TbFe2 (see in Fig.17a and 18a) 
look similar, except for the up-spin peaks just above the Fermi energy (0.5-1.0 eV) in 
TbMn2, which are absent in TbFe2. Comparing Fig. 17c and 18c, this is due to the Mn 3d 
bands in TbMn2 and their absence in TbFe2. The spin-up states and spin-down states are 
denoted by up-arrow and down-arrow respectively in the figures. Two huge peaks are visible 
due to Tb 4f-states. One is located about 4 eV below the Fermi level, while the other is just in 
the vicinity of the Fermi level. The partial density of states of Tb in two compounds is shown 
in Fig. 17b and 18b, respectively. They are very similar, and two main features correspond to 
the two distinct peaks of the total DOS of TbFe2 and TbMn2. Connell et al. studied the 
density of states of amorphous Tb021 Feo 79 using photoemission and inverse photoemission, 
and they found the f-electron spectral weight is shifted to lower energy by 1 e V, compared to 
the f-electron weight in Tb metal due to the hybridization between Fe and Tb d-states in the 
alloy[ 4 7]. In Tb metal, the center of the spin-up ( occupied) f-states is located 2.2 e V below 
the Fermi level, while the center of the spin-down (unoccupied) f-states is 2. 7 e V above the 
Fermi level[48]. It was also shown that the spectra in the vicinity of the Fermi level are 
dominated by Fe 3d-states just below the Fermi surface, see Fig. 18c. 
Lee argued that due to the failure of incorporating many-body effects in correlated 
systems in the LDA model, the theoretical position of unoccupied 4f-states is just in the 
vicinity of the Fermi level, whereas the assumed unoccupied 4f-states should have been 
located at more than 3 eV above the Fermi level. Furthermore, he assumed that the position 
of the unoccupied 4f-states is about 4 eV above the Fermi level, while Sd electrons form 
broad bands around the Fermi level. Thus, interband transitions from Sd to 4f could be 
employed to explain the main feature of the Kerr rotation angle between 4 e V and 5 e V. This 
was supported by the study of Connell et al. on the inverse X-ray photoemission spectra of 
amorphous Tbo 21 F eo 79, [ 4 7] which indicated that the peak of 4 f electron spectra of Tb is 
located at 4.0 eV. Katayama and Hasegawa also suggested that interband transitions between 
the 4f and Sd bands could account for the huge negative Kerr-angle peaks observed in RFe2 
compounds[44]. Other previous research showed that f-electrons significantly contribute to 
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magneto-optical effects due to their large spin-orbit interaction and exchange splitting[ 45] . 
Tanaka and Takayama studied the contribution to the Kerr angle from the different 
transitions in Nd0.2Fe0.8 amorphous alloy, and they proposed that d-f transitions are 50 times 
as large as p-d transitions[ 49]. Analogously, we can explain the MOKE spectra of Tb(Mn1_ 
xFex)2 compounds based on 3d-4f interband transitions. 
The partial density of states of Mn and Fe are presented in Fig. 17c and 18c, 
respectively. We can see that Mn 3d-states lie closer to the Fermi level than Fe 3d-states, 
Buschow already suggested that electron transfer occurs in RFe2 compounds from R to Fe 
3d-states[36] , which also was verified by our self-consistent calculation. The shift of Mn 3d-
states means more electrons are transferred from Tb 4 f-( or 5d-) states to Mn 3d-states, 
compared to Fe 3d-states. These electrons can be regarded as minority-spin electrons because 
most of the majority-spin states have been occupied by intrinsic 3d electrons in Fe and Mn 
atoms. Misemer argued that the magneto-optical effect arises primarily from the minority-
spin electrons, he also fitted the strength of the spin-orbit splitting s as a function of atomic 
number [45], which implied that Fe has a larger spin-orbit splitting s than Mn does. 
Therefore, we can apply the same scheme to the Tb(Mn1_xFex)2 compounds, i.e. , the spin-
orbit splitting increases with increasing Fe content, which leads to the increase of the MOKE 
coefficient. This correlates with the tendency we observed in Fig. 15, i.e. , the Kerr rotation 
angle increases with increasing Fe content in Tb(Mn 1_xFexh compounds. 
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4. CONCLUSIONS 
Lattice parameters, temperature and magnetic field dependencies of the de 
magnetization and ac magnetic susceptibility of the polycrystalline Tb(Mn1-xFex)2 alloys have 
been studied for x = 0.35, 0.5, and 0.65. Fe substitution for Mn decreases the Mn-Mn 
distance from 2.65 to 2.62 A and increases the Curie temperature from 220 K to 550 K for 
samples with x = 0.35 and 0.65, respectively. 
The effective saturated magnetic moment at 5 K is practically the same for samples 
with x = 0.35 and 0.5 (6.0 µ8 , 5.8 µ8 ) , and slightly lower in the sample with x = 0.65 (5.3 µs). 
Coercivity and residual magnetization of Tb(Mn1_xFex)2 at 5 K decrease with x and for all 
three samples. Hence, the magnetocrystalline anisotropy of Tb(Mn1_xFex)2 decreases with Fe 
substitution for Mn, showing that Mn ions produce large contributions at low temperatures. 
The de magnetic susceptibility of Tb(Mn1-xFexh reflects a negative interaction between 
localized magnetic moments above 350, 550, and 580 K for samples with x = 0.35, 0.5 , and 
0.65 , respectively. This interaction decreases with lower of Mn content, supporting the 
conclusion of Inoue and Imai [24] that a negative transition temperature is a result of the 
strong AFM interaction between Mn ions enhanced with increasing temperature by spin 
fluctuations. 
The temperature dependence of the ac magnetic susceptibility of Tb(Mn1_xFex)2 exhibits 
a peak at the Curie temperature, showing behavior typical for ferromagnetic materials with 
non-zero coercivity and residual magnetization. The Curie temperatures and effective 
magnetic moments, which were determined from ac susceptibility data, are in good 
agreement with those determined from the de magnetic susceptibility. The presence of 
several features on the temperature dependence of the ac susceptibility of Tb(Mn0 5Fe0 5)2 
below the Curie temperature indicates that domain-wall movement has a different character if 
compared with other samples. Finally, these experimental data may support the point of view 
that atomic volume per magnetoactive atom in complex materials based on 3d-elements is 
one of the most important parameters for direct and indirect exchange interactions and effects 
of the Jd-electrons localization/delocalization. 
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The optical constants of the three samples were measured usmg a spectroscopic 
ellipsometer at zero field. The Kerr rotations and ellipticities were measured for all three 
polycrystal samples at 295 K and in an applied magnetic field of 0.5 T. Tb(Mno 6sFeo_35)2 did 
not show any noticeable feature at room temperature due to the low ferrimagnetic-
paramagnetic transition temperature ( ~ 220 K), Tb(Mn0 5Fe0 5)2 and Tb(Mn035Fe0 65 )2 exhibit 
a larger Kerr rotation angle than that reported for a polycrystal TbFe2 sample. This research 
supports the proposition that MOKE effects correlate with the magnetization, but not in a 
simple way. The Kerr rotation angle increases with Mn substitution for Fe. The TB-LMTO 
method was applied to study the electronic structures and the total and partial density of 
states (DOS) of TbMn2 and TbFe2, which verified the well-known point of view that 
lanthanide 4f-electrons play an important role in MOKE effects due to large spin-orbit 
interaction and exchange splitting. 
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APPENDIX 
Table 7. Lattice constants and the Mn-Mn distance in RMn2 alloys. 
Alloy Crystal structure Lattice constant(A) Mn-Mn distance* (A) 
a C a 
PrMn2 C14 5.61 9.16 (7.933) 2.805 
NdMn2 C14 5.545 9.037 (7.837) 2.771 
SmMn2 C15 7.790 2.754 
SmMn2 C14 5.511 8.976 (7.417) 2.753 
GdMn2 C15 7.732 2.734 
YMn2 C15 7.692 2.720 
TbMn2 C15 7.620 2.694 
DyMn2 C15 7.573 2.677 
H0Mn2 C15 7.507 2.654 
ErMn2 C14 5.281 8.621 (7.468) 2.640 
TmMn2 C14 5.241 8.565 (7.414) 2.621 
LuMn2 C14 5.215 8.55 (7.385) 2.611 
ScMn2 C15 7.109 2.514 
• The Mn-Mn distance for C15-Laves compounds is calculated based on the MgCu2 
structure: dMn-Mn= ✓2a, and for C14-Laves compounds, dMn-Mn= ✓2a', a'=[✓3a 2 cf is 
4 4 
the comparative lattice constant in the parenthesis. 
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